Controlled processing, response inhibition, and set adoption were examined in 51 HIV-1 infected participants and 21 uninfected controls who were administered a vocal reaction time (RT) version of the Stroop task (Stroop-RT; J. R. Stroop, 1935 ) as well as the traditional 100 item paper-and-pencil version. Response set expectancies on the Stroop-RT were manipulated by presenting 50% of trials in homogenous blocks and randomly varying the stimulus type during the remaining trials. As hypothesized, HIV seropositive (HIV+) participants were significantly slower than HIV seronegative controls on both versions of the Stroop. Significant interference effects were apparent on the paper-and-pencil version of the Stroop, but were not as prominent on the Stroop-RT. The HIV+ participants did profit from the blocking manipulation on the Stroop-RT, suggesting that set adoption is retained in HIV infection. These data suggest that HIV infection may result in deficient response inhibition, possibly secondary to frontostriatal dysfunction and dopaminergic alterations.
mation processing may in fact mediate aspects of compromised performance noted in other neurocognitive domains (Becker et al., 1997) . Neuropsychological tasks such as the Digit Symbol subtest of the Wechsler Adult Intelligence Scale-Revised (Wechsler, 1981) and the Trail Making Test, particularly Part B (Reitan, 1958) are among the more sensitive clinical measures of the neurocognitive effects of HIV-1 infection. Although such clinical measures are usually adequate to demonstrate pronounced cognitive decline, computerized measures of reaction time (RT) have been shown to detect subtle information processing anomalies with greater precision and sensitivity (Miller & Wilkie, 1994; Wilkieetal., 1992 ).
There appears to be some specificity regarding the type of RT task that maximally elicits HIV-1 associated cognitive slowing. Choice RT tasks appear to be more sensitive than simple RT tasks, particularly choice RT tasks using go/no-go paradigms that require an element of response inhibition (A. . Eileen Martin and colleagues (E. M. Martin, Robertson, Edelstein, Jagust, & Sorensen, 1992 ; E. M. Martin et al., 1993; have suggested that RT tasks that load on controlled, rather than automatic, processes are perhaps more sensitive to HIV-1 related slowing. Controlled processing is typically defined as a relatively slow, generally serial processing mode which is under voluntary attentional control, whereas automatic processing is typically defined as a faster, typically parallel processing mode which is not subject to voluntary attentional control (Posner & Snyder, 1975; Schneider & Shiffrin, 1977) . Other investigators have emphasized that automaticity may be a matter of degree, with attentional control facilitating automatic processing to some extent, depending on factors such as level of practice, expectancies, and response-set selection (Cohen, Dunbar, & McClelland, 1990; Kahneman & Treisman, 1984) .
To investigate automatic and controlled attentional processing among individuals infected with HIV-1, we used two versions of the Stroop task, a traditional "paper-and-pencil" version and a modified computerized RT task. The Stroop Color-Word Naming Task (Stroop, 1935 ) is one of the most widely studied neuropsychological tasks and has been used as a measure of executive function and controlled processing in studies of numerous neurologic conditions (for a review, see MacLeod, 1991) . Results from several studies, including functional neuroimaging of healthy individuals (Bench et al., 1993; Pardo, Pardo, Janer, & Raichle, 1990) as well as studies of patients with documented frontal pathology (Vendrell et al., 1995) , converge to suggest that the Stroop task is indeed sensitive to executive-frontal systems function. Genetically, the Stroop task requires participants rapidly to read long lists of color words, to name colors, and, in the interference condition, to ignore color words while naming the incongruous color in which they are printed. Slowed responding on incongruent trials is typically interpreted as caused by interference with the controlled process of color naming because of an inability to inhibit the faster, more automatic (i.e., involuntary) process of word reading. In contrast, facilitation of faster color naming on congruent trials is thought to reflect the benefits of more rapid completion of automatic processing. Color words are more likely to interfere or facilitate color naming than are neutral words, presumably because color words evoke elements of the response set primed by the task instructions. The computerized RT version of the Stroop task (Stroop-RT) affords greater flexibility and analytical precision than the paper-and-pencil version. On the Stroop-RT, RT is recorded to the nearest millisecond. Moreover, enhanced control of stimulus parameters such as duration of stimulus exposure and interstimulus interval time is possible.
Although executive dysfunction has been observed in studies of HIV-1 infected individuals (Sahakian et al., 1995) , there has been surprisingly little research using the Stroop task in this population. Eileen Martin, Robertson, and colleagues (1992) used both the traditional Stroop task and the Stroop-RT in their study of cognitive slowing and attentional disturbance in HIV-1 infection. They used three types of stimuli: neutral (animal names), congruent (color names depicted in congruent ink), and incongruent (color names depicted in incongruent ink). In their version of the Stroop-RT, randomly presented stimuli were used; that is, the congruent, neutral, and incongruent trials were randomly interspersed. Martin et al. found that the traditional version of the Stroop did not differentiate HIV-1 infected participants from seronegative controls. In contrast, these groups did differ on the Stroop-RT version, with HIV seropositive (HIV+) participants showing significantly longer RTs to incongruent, but not to either neutral or congruent, stimuli. Martin and colleagues interpreted this finding as suggesting that automatic attentional processing is intact in HIV-1 infection but that controlled processing is disturbed.
E. also suggested that the computerized Stroop task may be more sensitive than the standard clinical Stroop test to HIV-1 related cognitive dysfunction. They noted, however, that a better test of this hypothesis would be to match the computerized and standard Stroop on task parameters. For instance, the standard Stroop test typically has blocked conditions, whereas most computerized versions (including theirs) randomly present Stroop condition trials. This hypothesis is tested in the present study, in which we used a standard Stroop test and also a computerized Stroop task with both random and blocked condition trials.
When stimuli type are randomly presented, participants cannot anticipate whether they will encounter the easier congruent and neutral conditions or the more demanding incongruent condition. In contrast, when stimuli are grouped into homogenous blocks of identical trials, participants have greater opportunity to "get into cognitive set" and adopt a consistent and efficient strategy. Repeated exposure to consistent stimulus conditions would be anticipated to result in improved performance through the use of top-down controlled processing (or set adoption) over the more automatic word reading that produces the typical Stroop interference effect. Because top-down executive processing is linked to frontal cortex, it would be expected that HIV-1 infected individuals, relative to seronegative controls, would benefit less from the blocking of Stroop task conditions. To date, however, there have been no studies of attention and reaction time in HIV-1 infection that have used both blocked and random stimulus presentation in the manipulation of cognitive set.
The present study was designed to investigate controlled processing and executive functioning in HIV-1 infection and extends the E. study in several ways. The inclusion of blocked trials in addition to random trials in the Stroop-RT task allows for further analysis of how central executive dysfunction and deficient controlled processing contributes to poor performance on the Stroop task. By matching on task parameters, blocked trials also permit a more direct comparison between the Stroop-RT and the traditional Stroop test in their respective sensitivity to HIV-related cognitive dysfunction. Because cognitive slowing is a fundamental symptom of HIV infection, analyses were conducted that compared task performance between HIV-adults and HIV+ adults while controlling for elemental processing speed differences. Finally, the present study also examined whether HIV infection is associated with alterations in either response inhibition or facilitation.
Method

Participants
Demographic data for the 72 participants in the current study are shown in Table 1 (Blair & Spreen, 1989) ; GDS = Geriatric Depression Scale (Yesavage et al., 1983) .
Blot confirmation. As detailed in Table 1 , 30 of the 51 (59%) HIV-1 infected participants and 11 of the 21 (52%) uninfected participants self-identified as members of ethnic minority groups. Women comprised approximately 13% of the sample. The majority of the participants in the current study were gay or bisexual men (52% of controls and 69% of HIV+ participants), and male-male sexual contact was the most common suspected mode of infection with HIV. However, 12 of the 51 HIV+ participants denied this risk factor or suspected some other mode of infection (e.g., injection drug use, heterosexual contact). As a group, the participants had a mean age of 38.4 years (SD = 8.6), had achieved 14.6 (SD = 2.1) years of education (range = 8-20) , and had obtained an estimated premorbid Verbal IQ of 110.8 (Verbal IQ estimated using the North American Adult Reading Test; Blair & Spreen, 1989) . The three serostatus groups did not statistically differ in terms of age (p = .82), education (p = .39), premorbid Verbal IQ (p = .28), or gender (p = .30). The HIV+ participants were recruited from the infectious disease clinic at the West Los Angeles VA Medical Center and from a local community organization specializing in services for HIV-1 infected individuals. Uninfected controls were recruited through newspaper advertisements and through notices posted at the aforementioned sites. A structured clinical interview composed of the mood, psychotic-spectrum, and substance use sections of the Structured Clinical Interview for the DSM-IV (First, Spitzer, Gibbon, & Williams, 1995) was administered to all participants to exclude those with a history of psychosis or bipolar disorder. Other exclusion criteria included history of head injury with loss of consciousness in excess of 5 min, seizure disorder, current substance abuse or dependence consistent with criteria of the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV; American Psychiatric Association, 1994), or other suspected central nervous system (CNS) disease. The three groups did not significantly differ on either current or past alcohol use (p = .22 and p = .85, respectively), although there was evidence of greater past drug (primarily marijuana) use among both HIV-1 seropositive groups. Although no participant met DSM-IV criteria for a current substance use disorder, two control participants admitted to a period of at least weekly marijuana use, and six of the HIV-1 infected participants reported past histories of weekly marijuana use and another three reported at least daily use. As can be seen in Table 1 , the three groups did not differ on level of self-reported depressive symptomatology as measured by the Geriatric Depression Scale (p = .19; Yesavage et al., 1983) , a measure of depression that omits diagnostically ambiguous somatic items that can result in artificially elevated depression scores in physically ill populations.
Procedure
After providing informed consent and undergoing a screening interview for inclusion or exclusion criteria, all participants were administered a computerized vocal RT version of the Stroop task (Stroop-RT) in addition to the traditional, 100-item, paper-andpencil version of the task (Stroop, 1935) . The paper-and-pencil version of the Stroop task measured the time required for participants to complete three blocks of 100 items. The first condition, color naming, required rapid naming of 100 swatches of red, blue, or green ink. Word reading required reading of 100 color words (red, blue, green) printed in black ink. In the interference condition, participants had to rapidly name the discordant color of ink in which color words were printed (e.g., the word blue printed in red ink). The paper-and-pencil version of the Stroop was always administered after the Stroop-RT. Prior to Stroop-RT testing, participants were instructed explicitly to name the color of the word that was presented rather than to read the word. All participants were encouraged to "be as fast as possible, without making errors."
The Stroop-RT was presented using an IBM-compatible computer (Canon 486; Canon Computer Systems, Inc., Costa Mesa, CA) with a video graphics array (VGA) color monitor. The experimental stimuli consisted of three different color words (red, blue, and green) and three neutral words (hat, yard, and wagon) matched for length and frequency of usage with the color words. On each trial, a word subtending 2° vertically and 5° to 9°h orizontally (visual angle varied as a function of word length) was presented at the center of the computer screen in either red, blue, or green ink against a black background and remained on the screen until the participant responded. Participants were instructed to state the color in which the word was displayed while ignoring the word itself. Response latency was detected by a microphone connected to a voice activated relay (Sound Blaster Pro Multimedia card, Creative Labs, Inc., Milpitas, CA) and computer recorded with a 1-ms resolution. When the voice-operated relay was triggered, the experimenter manually keyed in the participant's response and made note of any trial during which the voice activation was triggered before the intended verbal response (e.g., coughing, noise in exam room). After the experimenter coded the participant's response, a 1,000 ms intertrial interval was initiated during which the computer screen was blank except for a central fixation square.
Three stimulus conditions were used. The color congruent condition (25% of trials) consisted of color words displayed in the congruent color (e.g., the word blue displayed in blue text). The neutral condition comprised 50% of trials (e.g., the word wagon displayed in blue text), whereas the remaining 25% of trials were color incongruent (e.g., the word blue displayed in red text). Two sets of 96 trials, one random and one blocked, were administered.
In the random condition the three stimulus types (neutral, congruent, incongruent) were randomly presented. During the blocked trials the stimuli were presented in homogenous blocks of 24 trials of the same stimulus type (e.g., all 24 congruent trials presented consecutively), with half of the participants in each group receiving one of the following orders: neutral, incongruent, neutral, congruent or neutral, congruent, neutral, incongruent. On blocked trials participants were not told about the blocking manipulation. Whether participants first received the blocked or the random trials was counterbalanced. Following completion of testing, participants received payment of $25. This study was approved by the Human Subjects Protection Committees at both the University of California, Los Angeles, and the West Los Angeles Veterans Affairs Medical Center.
Results
Traditional Stroop Task
Completion times. For the traditional paper-and-pencil Stroop task, completion time (in seconds) was analyzed with a 3 X 3 mixed-model analysis of variance (ANOVA), with diagnostic group (HTV-, HIV+/ASP, and HIV+/SSP) as a between-subjects variable and task condition (word reading, color naming, and interference) as a within-subjects variable. As depicted in Figure 1 , the ANOVA revealed significant main effects for group, F(2, 68) = 11.4, p < .001, and task condition, F(2, 136) = 340.4, p < .001, and a significant interaction between group and task condition, F(4, 136) = 8.7, p < .001. Follow-up pairwise Tukey tests showed that HIV+/SSP (but not HIV+/ASP) participants were significantly slower than HIV-participants in all three task conditions and that HTV+/SSP participants were slower than HIV+/ASP participants in the interference task condition.
Stroop effects.
Because cognitive slowing is a hallmark symptom of HIV-1 infection, it is instructive to perform analyses that take this speed factor into account when examining Stroop effect size differences between HIV+ participants and HIV-controls. To account for the potential effects of nonspecific slowing, absolute Stroop effects (i.e., word reading advantage and color naming interference) were determined for each participant. Word reading advantage was calculated by subtracting each participant's word reading time from his or her color naming completion time. Color naming interference was calculated for each participant as interference condition completion time minus color naming completion time. Word reading advantage and color naming interference were then analyzed separately with a one-way ANOVA with diagnostic group (HIV-, HIV+/ ASP, and HIV+/SSP) as a between-subjects variable. There was no significant difference between groups in terms of word reading advantage (p = .40). In contrast, a significant effect of color naming interference was observed, F(2,68) = 9.9, p < . were calculated for each participant as a proportion of color naming yielded similar results. Errors. Errors were analyzed using a 3 X 3 mixedmodel AND VA with group (HIV-, HIV+/ASP, and HIV+/ SSP) as the between-subjects variable and task condition (word reading, color naming, and interference) as the within-subjects variable. Mean error rate was greater in the interference condition (2.1%) than in the word reading (0.6%) and color naming (0.6%) conditions, F(2, 136) = 51.4, p ^ .001. There was no significant difference among diagnostic groups (p = .46) and no significant interaction between Stroop condition and group (p = .18).
Stroop-RT Task
Reaction times. Median RT was calculated for each participant's correct responses within each condition. Median RTs were analyzed with a mixed-model 3X3X2 ANOVA with group (HIV-vs. HIV+/ASP vs. HIV+/SSP) as the between-subjects variable and stimulus type (congruent, neutral, incongruent) and blocking condition (random, blocked) as two within-subjects variables. RTs for the Stroop-RT task are depicted in Figure 2 . The ANOVA revealed significant main effects for stimulus type, F(2, 71) = 283.6, p < .001, and blocking condition, F(l, 67) = 38.3, p < .001, and a trend for group, F(2, 67) = 3.00, p = .056. There were significant two-way interactions between stimulus type and blocking condition, F(2,134) = 5.45, p = .007, and between group and stimulus type, F(4,134) = 3.62, p = .01. The two-way interaction between group and blocking condition (p = .54) and the three-way interaction (p = .32) were not statistically significant.
Analyses of simple main effects were performed to examine the two-way interaction between group and stimulus type. There was a significant difference among Stroop-RT conditions for the HIV-controls, F(2, 134) = 53.72, p < .001, as well as the HIV+/ASP participants, F(2, 134) = 109.38, p < .001 and the HIV+/SSP participants, F(2, 134) = 127.72, p :£ .001. As expected, all groups had significantly longer response latencies on incongruent trials and had quicker RTs on congruent trials.
The three groups did not differ in RT within the congruent condition (p = .16). There was a group difference in the neutral condition, F(2, 67) = 4.68, p = .01, with the HIV+/SSP participants slower than both HIV+/ASP (p = .02) and HIV-participants (p = .009). A trend was evident in the incongruent condition, F(2, 67) = 2.60, p = .08, with pairwise comparisons using Tukey tests revealing that the HIV+/SSP group had significantly larger RTs than did the HIV-controls (p = .03). Analyses examining order effect-whether performance differed on the basis of whether the random trials or the blocked trials were administered first-did not reveal any significant order effects, so it was omitted from further analyses.
Stroop effects. The Stroop-RT task was apportioned into the component effects of color naming facilitation and color naming interference. Color naming facilitation was calculated for each participant as neutral condition RT minus congruent condition RT. Color naming interference was calculated for each participant as incongruent condition RT minus neutral condition RT. Color naming facilitation and color naming interference were analyzed separately with a 3X2 mixed-model ANOVA with diagnostic group (HIV-, HIV+/ASP, and HIV+/SSP) as a between-subjects variable and blocking condition (blocked vs. random) as a withinsubjects variable. These Stroop effects for the three groups across the two blocking conditions are shown in Figure 3 . For color naming facilitation, there was a significant difference among groups, F(2, 68) = 7.98, p = .001. This main effect was due mostly to a significant difference between the HIV+/SSP group and the HIV-controls in the random condition (p = .008). ence, there was no main effect of group (p = .51) or blocking condition (p = .13) and no significant interaction (p = .21). Proportional analyses in which Stroop effects were calculated for each participant as a proportion of neutral condition time yielded similar results.
As suggested by Brown (1996) and Kahneman and Chajczyk (1983) , one can also examine overall Stroop effects, which are the summation of the interference and facilitation components of the Stroop. This avoids the potential confound introduced when the neutral condition is used as the control condition when calculating both facilitation as well as interference effects. Overall Stroop effects are then examined by calculating RT for the incongruent trials minus RT for congruent trials collapsing across the random and the blocked conditions. Results of ANOVA revealed that the groups differed significantly on overall Stroop effects, F(2, 67) = 4.08, p = .02. Follow-up pairwise comparisons demonstrated that both the HIV+/SSP(/> = .01)andHIV+/ ASP (p = .02) groups had significantly larger overall Stroop effects than did the HIV-controls. The two seropositive groups did not significantly differ from one another.
Errors. Errors consisted of either anticipatory responses 1 (defined as RTs < 125 ms), nonresponses (RTs > 2,000 ms), and incorrect responses (mislabeling the text color). Errors were analyzed with a mixed-model 3 X 3X2 ANOVA with group (HIV-vs. HIV+/ASP vs. HIV+/SSP) as the between-subjects variable and stimulus type (congruent, neutral, incongruent) and blocking condition (random vs. blocked) as within-subjects variables. Error rates are shown in Figure 4 . There were significant main effects for group, F(2, 68) = 9.16, p < .001, blocking condition, F(l, 68) = 11.16, p = .001, and stimulus type, F(2, 136) = 132.78, p < .001. There was also a significant two-way interaction between group and stimulus type, F(4, 136) = 6.03, p = .002. The two-way interactions between group and blocking condition (p = .95) and between blocking condition and stimulus type {p = .26) were not significant, nor was the three-way interaction (p = .17). Analyses of simple main effects were performed to examine the two-way interaction between group and stimulus type. There was a significant difference among Stroop-RT conditions for the HIV-controls, F(2, 136) = 12.15, p < .001, the HIV+/ASP participants, F(2, 136) = 50.74, p < .001, and the HIV+/SSP participants, F(2, 136) = 81.94, p :S .001. There was a group difference in the congruent condition, F(2, 68) = 3.52, p = .04, with HIV+/SSP participants making significantly more errors than the HIVcontrols (p = .03). There was also a group difference in the neutral condition, F(2, 68) = 7.01, p = .002, with HIV+ participants (both asymptomatic and symptomatic) making more errors than HIV-controls (p = .04 and p = .002, respectively). The group difference in the incongruent condition was significant, F(2, 68) = 8.45, p =£ .001, again with both HIV+ groups making more errors than HIVadults (p = .02 and/? < .001, respectively).
The possibility of speed-accuracy trade-offs was examined by performing correlations between the mean error scores and median RT for each condition (see Table 2 ). There was only one significant negative correlation (indicating a trade-off between response speed and response accuracy) and that was for the HIV-group in the blocked incongruent condition. Although significant positive correlations were present among the HIV-1 infected participants (e.g., those who made more errors also tended to have longer response latencies), the absence of negative correlations suggests that speed-accuracy trade-offs did not occur in these two groups.
Comparison of Stroop-RT to Traditional Stroop Task
To determine the relationship between participants' RTs on the computerized Stroop versus their time to complete the traditional Stroop, a series of pairwise Pearson productmoment correlations were performed correlating the six Stroop-RT variables with the three traditional Stroop variables. As detailed in Table 3 , a marked dissociation between groups was revealed. For both the HIV-group as well as the HIV+/ASP group there were no significant relationships between the Stroop-RT and the paper-and-pencil version. By contrast, significant positive correlations were found among the HIV+/SSP participants on 10 of the 18 pairwise comparisons. The HIV+/SSP participants' performance on the color reading condition of the traditional Stroop task was found to be highly correlated with the six RT variables, with Pearson correlation coefficients ranging from .38 to .72. Analysis of the relationship between the interference condition of the paper-and-pencil Stroop and the Stroop-RT revealed these variables to be related, although they were not as highly or consistently correlated as was the color namingStroop-RT relationship. In contrast, their time to complete the word reading condition of the traditional Stroop was not significantly associated with any of the RT measures, a finding which suggests that the above significant correlations are not simply secondary to nonspecific slowing.
Discussion
As expected, HIV+/SSP participants were significantly slower than HIV-controls on both the computerized RT and the paper-and-pencil version of the Stroop. Significant interference effects were apparent on the paper-and-pencil version of the Stroop, as indicated by longer response times and higher error rates to incongruent stimuli. On the RT version, both the HIV+/ASP and the HIV+/SSP groups made significantly more errors than controls and tended (p = .08) to have longer response latencies. As predicted, the blocking manipulation on the Stroop-RT task led to generally faster RTs than when stimuli were presented randomly. Within the blocked condition, HIV+/SSP participants were significantly slower than HIV-controls on both incongruent and neutral stimuli. HIV+/ASP participants tended to perform at an intermediate level and generally did not significantly differ from controls. HIV+/SSP participants were significantly slower than controls in the interference condition of the traditional as well as the computerized RT version of the Stroop task.
To the extent that the Stroop task provides an index of executive functioning, these data suggest that HIV+/SSP participants appear to have deficits in this domain. HIV+/ SSP participants showed larger interference effects than HIV-controls on the traditional Stroop task, a finding that replicates that of Saykin et al. (1988) but is contrary to the findings of E. M. . This interference effect was not merely an artifact of slower processing speed, as group differences in interference remained when color naming performance (a measure of general processing speed) was accounted for in Stroop effect analyses. This is particularly notable as neuropsychological studies of HIV-1 infected individuals rarely control or account for the fundamental difference in processing speed that is often found in HIV infection. As pointed out by Becker et al. (1997) , speed of processing potentially mediates deficits in other neurocognitive domains and should be accounted for prior to positing other higher order cognitive deficits.
Several possible explanations for the above findings can be advanced. The Stroop task has long been thought to be a measure of executive or frontal systems function. The ability to rapidly inhibit a prepotent response is an example of an executive function assessed by the Stroop task. Data from the current study suggest that this ability may be affected by HIV infection, especially in the later, medically symptomatic stages of the disease. Higher error rates and a tendency toward longer RTs on incongruent trials of the Stroop-RT, as well as increased time to complete the interference condition of the traditional Stroop, all suggest difficulty with inhibitory processes.
Models of top-down attentional control, such as the supervisory attentional system (see Shallice & Burgess, 1993, p. 172) , the central executive (see Baddeley, 1993, p. 154) , or the implementation of "attentional control settings" (Folk & Remington, 1996, p. 273) , have been proposed for situations that require the overcoming of a strong habitual response (such as word reading). Furthermore, supervisory or executive attention has been linked to frontal cortical sites such as orbital and medial prefrontal regions (Shallice & Burgess, 1993) and the anterior cingulate (Posner & DiGirolamo, 1998) . Although HIV-1 infection is most closely linked with subcortical dysfunction Levin et al., 1990; Navia, Jordan, & Price, 1986; , given the extensive neuroanatomical circuitry linking subcortical structures with prefrontal cortex (Alexander, DeLong, & Strick, 1986; Cummings, 1993) , damage anywhere within this network can be expected to give rise to similar behavioral disruption.
Comparison of participants' performance on the paper-andpencil Stroop and the Stroop-RT yielded interesting findings. Among HIV-controls, performance on the Stroop-RT was not correlated with performance on the traditional Stroop, a finding that suggests that these tasks may assess different cognitive functions. Similarly, among HIV+/ASP participants, there were no significant relationships between performance on these two tasks. In decided contrast, among HIV+/SSP participants, both color naming and interference condition completion times from the paper-and-pencil Stroop were moderately (.38) to highly (.72) correlated with Stroop-RT. There was, however, no relationship between the word reading condition and Stroop-RT performance among HIV+/SSP participants. This lack of association between word reading and Stroop-RT suggests that the above correlations are not simply an artifact of nonspecific psychomotor slowing. Rather, it may instead be a function of the task demands attendant to the differing conditions of the traditional Stroop. Word reading is for most a highly overlearned, automatic process that requires little executive oversight, whereas the other two conditions are more effortful, maximize demands on controlled processing, and are dependent on intact executive control. One could therefore tentatively conclude that central executive dyscontrol links these findings and underlies this poor performance.
Contrary to expectation, the traditional version of the Stroop was found to be more sensitive than the computerized RT version in distinguishing HIV+/SSP participants from controls. We had hypothesized that the opposite pattern would instead emerge, with the RT version better able to discriminate HIV+ participants from controls. Such a finding would have been consistent with those reported by E. M. , who found that HIV-1 infected individuals performed poorer than controls on the RT version, but not the paper-and-pencil version. One possible explanation for this difference can be traced to differences in disease severity across studies. Members of our group have previously demonstrated that differences in subject ascertainment in studies of HIV infection can be associated with differing patterns of results (Hinkin, van Gorp, Satz, Miller, et al., 1992; . Given that there was a higher percentage of medically symptomatic participants in the present study than there was in the Martin study (who had no participants with AIDS), it may be that advanced HIV-1 disease is associated with a particular decline in the cognitive abilities needed for rapid completion of the paper-and-pencil Stroop. As hypothesized, all participants reacted significantly faster when stimuli were presented in homogenous blocks rather than randomly interspersed. Interference effects on the Stroop can be minimized by exercising cognitive control and selectively attending to one aspect of the stimuli (color) while suppressing attention to competing aspects of the stimuli (word). As Cohen et al. (1990) have demonstrated, interference effects are in part a function of expectancy and experience. Experiments in which incongruent stimuli appear infrequently maximize interference effects whereas increasing the ratio of incongruent to neutral/congruent stimuli typically reduces the magnitude of interference. Presenting incongruent stimuli in homogeneous blocks (i.e., 100% of consecutive trials all incongruent) provided the optimal conditions for reducing interference through controlled processes. Contrary to expectations, however, HIV infected participants did not differ from seronegative controls on their ability to profit from the blocking manipulation. This suggests that set adoption is not compromised by HIV infection.
An interesting and unexpected finding that merits discussion is the apparent presence of increased facilitation on the Stroop-RT task among both HIV+/ASP and HIV+/SSP participants, relative to HIV-controls. Similar findings have been reported in studies using the Stroop task with other neuropsychiatric populations including Parkinson's disease, Alzheimer's disease, and schizophrenia (Carter, Robertson, & Nordahl, 1992; Henik, Singh, Beckley, & Rafal, 1993; Spieler, Balota, & Faust, 1996) . This suggests that there might be a common neurophysiological substrate contributing to hyperfacilitation. Both Parkinson's disease and schizophrenia can lead to significant disruption of frontal-subcortical circuits and structures. Doparninergic dysfunction might also be posited as a common neurochemical mechanism. Evidence is beginning to accrue which suggests that HIV-1 infection can lead to dopaminergic dysfunction. Several studies (Berger, Kumar, Kumar, Fernandez, & Levin, 1994; Britton, Cote, & Altstiel, 1989) have demonstrated cerebrospinal fluid dopamine levels as well as biogenic amine metabolites such as homovanillic acid are significantly reduced in patients with AIDS. HIV+ patients are also prone to develop neuroleptic malignant syndrome and extrapyramidal symptomatology in response to dopamine blocking agents such as chlorpromazine. Moreover, it is also known that dopamine-linked subcortical structures are particularly susceptible to the effects of HIV-1 infection (Aylward et al., 1993) . This hypothesized relationship between dopaminergic dysfunction and impaired executive functioning has also been borne out in primate studies (Williams & Goldman-Rakic, 1995) as well as in other diseases such as Parkinson's disease (Gabrielli, Singh, Stebbins, & Goetz, 1996) and schizophrenia (for a review, see Cohen & Servan-Schreiber, 1992) in which altered dopaminergic function plays a critical role. As such, one can plausibly speculate that HIV-1 associated dysfunction of the mesocortical dopaminergic network, in conjunction with frontostriatal disruption, may explain, in part, the findings in this study.
Tempering this conclusion is the observation that the controls in the present study did not demonstrate the expected degree of facilitation. Nonetheless, the pattern of obtained results, with the symptomatic participants showing significantly larger facilitation effects than the asymptomatic group, who themselves demonstrated significantly larger facilitation effects than did controls, certainly suggests that HIV-1 disease stage may well be associated with increased facilitation effects. Complicating interpretation of the interference and facilitation effects is the observation that among the HIV+/SSP participants, the neutral stimuli, particularly under the random condition, do not appear to be entirely neutral. Instead of using actual words in colored font, a more truly neutral condition might entail naming of colored pound signs (###) or swatches of color. Rather, inspection of the HIV+/SSP participants' RTs suggests that word reading alone had a significant interference effect. One reasonable interpretation of the data is that the HIV+/SSP participants are more sensitive to the effects of even minimal interference. If this heightened sensitivity to the effects of interference results in higher neutral RTs for the HIV+/SSP participants, then difference scores calculated by subtracting neutral RT from incongruent RT actually result in an underestimate of true interference effects. By the same token, if this is true this would also result in an apparent, but spurious, increase in facilitation effects. Disentangling these possible interpretations requires the inclusion of a more "neutral" neutral stimuli and must await further study.
In summary, these data suggest that HIV-1 infection may lead to a subtle dysexecutive syndrome, which is characterized by impaired controlled attentional processing and a compromised ability to inhibit prepotent responses. An increase in facilitation effects as a function of disease severity may also have been present. However, set adoption does not appear to be affected by HIV-1 infection. Also of note, and contrary to our assumption that computerized measures of information-processing speed are more sensitive markers of CNS compromise than are paper-and-pencil tasks, we found no evidence that the Stroop-RT was any more sensitive than was its traditional paper-and-pencil counterpart.
